There is an ongoing debate regarding the onset luminosity of dusty mass loss in population-II red giant stars. We present VISIR@VLT mid-infrared (MIR) 8.6µm imaging of 47Tuc, the centre of attention of a number of space-based Spitzer observations and studies. The VISIR high-resolution (diffraction limited) observations allow excellent matching to existing optical Hubble space telescope catalogues. The optical-MIR coverage of the inner 1.
Introduction
During the final stages of their red giant and asymptotic giant branch (hereafter RGB, AGB respectively) ascent, stars suffer a significant mass loss. Direct evidence of this process in AGBs has been recently provided by spectroscopic mid-infrared (MIR) observations with ISO and SPITZER. The common view is that a typical turnoff star in a globular cluster of ∼ 0.8M ⊙ may loose up to ∼ 30% of its mass , and references therein), i.e. ∼ 0.2M ⊙ during the RGB and ∼ 0.1M ⊙ during the AGB phases. Mass loss along the RGB is an important phenomenon because it will eventually alter (i) the horizontal branch morphology; (ii) the RR Lyrae pulsational properties; (iii) the ratios of O-rich to C-rich AGB star production; (iv) the post-AGB and planetary nebula chemistry, and lastly (v) the mass of white dwarfs (McDonald et al. 2009 ). However, a consistent theoretical picture of the mass loss phenomenon is still lacking and ultimately the inability to understand/model this important process, which is the major polluter of the interstellar-medium (ISM), hinders our interpretation (e.g. inferred stellar masses, ages and metallicities) of high-redshift unresolved galaxies. In the context of stellar systems such as globular and open clusters, the interest in the RGB/AGB mass loss mechanism has gained a whole new dimension of importance in the past six years. Indeed, the discovery of multiple and discrete main sequences with different helium contents in many globular clus-⋆ Based on data obtained at the ESO/UT3 proposal 084.D-0721(A).
ters Renzini 2008 ) is nowadays explained by invoking mass loss from the cluster's primary generation of intermediate-mass red giants and AGB stars that enriched the interstellar medium, which later "gave birth" to subsequent generations of chemically enriched stars (see Carretta et al. 2009 , and references therein for an analysis of multiple populations and chemical inhomogeneities in 15 Galactic globular clusters).
Early qualitative estimates of mass loss were provided theoretically by Rood (1973) , who noticed that without mass loss the blue horizontal branch (HB) stars of even metal-poor clusters could not be reproduced by the models. At the same time Reimers (1975a) provided observational evidence from Population I giants, and parameterized mass loss with the widely used so-called Reimers's formula. The formula is still used today, although its original theoretical motivation needs to be somewhat relaxed to accommodate the presence of multiple populations that may reach a very high helium content which then leads to hot extended horizontal branches (Fagotto et al. 1994; ).
An important outcome of the Reimers' formula is that mass loss only becomes significant near the tip of the RGB. This view has been recently challenged by Origlia et al. (2007) , who analysed red sources in 47Tuc and concluded that the dependence of the derived mass loss rate on luminosity is considerably flatter than predicted by the Reimers (1975a,b) formulation. This leads to several important consequences for the subsequent evolution of low-and intermediate-mass stars. ′′ 0 diameter mark areas of potential blending caused by lower-resolution instruments. The circled cross marks the cluster centre. Open squares highlight the identified targets in pointing#7. Also visible are some negative beams of stars that are 8.
′′ 0 vertically shifted. This reflects the adopted chopping throw.
Therefore, 47Tuc still represents the key cluster to establish the luminosity extent of the mass-losing giants. Ideally one would like to re-examine this cluster with an appropriately highresolution mid-IR instrument that allows a proper accounting of the higher central crowding conditions. Motivated by all the uncertainties still existing on the nature of the mass loss rate, we decided to exploit the superior capabilities of VISIR to reexamine the RGB stars of 47Tuc with an appropriately highresolution MIR instrument that allows a proper accounting of the higher central crowding conditions. In this paper we present 8.6µm ground-based imaging data, which indeed achieve ∼ 8× better spatial resolution than that of Spitzer (0.
′′ 3 vs. 2-3 ′′ ). In Sections 2 and 3 we present the data reduction and calibration, in Sections 4 and 5 we construct and analyse the combined optical-NIR-MIR colour-magnitude diagrams. Sections 6 presents the identified long-period variables and a spectroscopic 
Observations and data reduction
2.1. The VISIR imaging data set
Our observations were obtained using the VLT spectrometer and imager for the MIR (VISIR, Lagage et al. 2004 ) currently located at the Cassegrain focus of UT3. VISIR provides diffraction-limited imaging at high sensitivity in the two mid infrared (MIR) atmospheric windows: the N-band between 8 − 13µm and the Q-band between 16 − 24µm. The observations were obtained with the VISIR PAH1 filter (λ c = 8.59, ∆ λ = 0.42µm). It is designed to avoid the telluric ozone band and provides a relatively high sensitivity. Our programme [084.D-0721(A), P.I. Momany] was awarded 34 hours. We used the 0.
′′ 127 pixel scale for the imager, which yielded a field-of-view of 32.
′′ 5 × 32. ′′ 5. Three observation blocks (OB) were dedicated to each of the 11 pointings, and each of these OBs had an effective integration time of 35 min., that is a total of ∼ 1.75 hours per pointing. These observations were carried out in service mode in the period between October 3, 2009 and January 30, 2010. Table 1 reports the J2000 right ascension and declination of the 11 VISIR pointings. Also reported are the offsets (in arc-seconds) from the cluster centre (as in Goldsbury et al. 2010) of each pointing and the dates at which the OBs were observed. Last column reports the number of stars found in each pointing.
As a result, the observations were spread over a four month period, obtained under various weather conditions. As for any ground-based mid-IR observations, the technique of chopping and nodding was used to enhance the detection of target stars over the background emission originating both from the sky and the telescope. The declination of 47Tuc does not allow airmasses below 1.4 and around 90% of the obtained images had airmass between 1.4 and 1.8. The varying MIR weather conditions (i.e. water-vapor content, temperature, etc) impacted heavily on the delivered quality of the data. In turn, the combination of the three OBs (of any given pointing) was not possible, even when these OBs were separated by only one day. Therefore we performed the photometric reduction (i.e. detection of point-sources and derivation of their aperture magnitudes) on the reduced image of each single OB separately.
The tested DAOPHOT (Stetson 1987) package was employed to perform the photometry on the reduced image for each OB. The FIND routine was set to a detection threshold of three times the background standard deviation estimated on a given image. In general, FIND detected about two to three times the number of the stars that one could identify by eye. A careful examination of the extra detections revealed that these are caused by abrupt fluctuations in the estimated background level or hot pixels. Indeed, even though we employed a relatively relaxed constraint, wherein a detection was considered real if found in at least two images, these extra detections did not survive the DAOMASTER matching process for a given field.
A powerful spurious-detections filtering process was performed when catalogues from at least two filters were combined. In this framework we decided to employ the astrometric/photometric ACS@HST m F606W ,m F814W catalogue of 47Tuc (Anderson et al. 2009 , kindly provided by the author). This catalogue provided two advantages. The first was that the optical HST data were ∼ 100% unaffected by photometric incompleteness around our VISIR data sampling. Indeed, the CMDs presented in Anderson et al. (2009) sampled ∼ 8 m F606W magnitudes below the RGB tip, whereas our VISIR data address only the brightest ∼ 2.0 − 2.5 magnitudes. Moreover, the catalogue of Anderson et al. was based on the relatively red F606W and F814W filters, i.e. still sensitive to red sources with MIR-excess. The second advantage was that the ACS spatial resolution (pixel size of 0.
′′ 05) is very close to that of our VISIR data. We therefore confidently used this HST catalogue in the VISIR point-source detection process. In other words, the ACS absolute astrometric positions were transformed to VISIR X,Y pixel coordinates, and a subset of this catalogue (V ≤ 13.0) was assumed to provide the detected point-sources.
In general, all objects visible in the VISIR N 8.6µm images had an optical HST counterpart (with V ≤ 13.0). This confirms that the use of the Anderson et al. HST catalogue did not introduce blue-filters selection effects in our final VISIR/ACS catalogue. There was one interesting case for which a visible VISIR target had a fainter optical counterpart, see Appendix A. Thus, this combined ACS/VISIR detection strategy provided us with the best possible elimination of spurious-detections.
Secondly,the respective catalogues were merged for each pointing to produce a single aperture magnitude catalogue. These magnitudes (see Table 2 ) were combined using the DAOPHOT/DAOMASTER task, which computed an intensityweighted mean of the three aperture magnitudes in each field.
The upper panel in Fig. 1 displays the 2MASS K-band view of the core of 47Tuc. Overlaid are the footprints of the 11 VISIR 32.
′′ 5 × 32. ′′ 5 pointings. Given the service mode nature of the programme and the necessity to ensure a common photometric scale for the single fields, the pointings were designed to overlap on bright stars (K ≤ 10 magnitude). Typically 2-4 such bright stars were shared among adjacent fields. A relative zero-point was computed from their magnitudes to bring all pointings on the photometric scale of pointing #7, which covered the cluster core. The lower panel of Fig. 1 ′′ 0 diameter circle) end up as blends in lower-resolution instruments. Lastly, adopting the HST determination of the cluster centre derived by Goldsbury et al. (2010) , it is clear that our VISIR 8.6µm imaging data covers the inner and most crowded 1.
′ 15 core of the cluster.
VISIR spectroscopic data set
The VISIR N-band spectroscopy [Prog.60.A-9800(I)] consisted of two low-resolution (R ∼ 300) setups with central wavelengths at 9.8µm and 11.4µm obtained with the 1. ′′ 0 slit. These two setups were chosen to allow the coverage of the 10µm silicate feature in a particularly bright AGB star (V8, see Section 6), which we observed to assess the quality of VISIR's spectroscopic performance. To properly calibrate the data, the Standard VISIR Telluric HD4815 was observed using the same setup. The data reduction was performed in two steps. First, the ESO/VISIR pipeline was used to extract the 2D frames of both the science target and the telluric. Later, we used the pipeline developed by Hönig et al. (2010) , which is specifically designed to perform a proper background correction (including sky and periodic detector signals), beam extraction, 2D flux calibration and 1D spectrum extraction. The 2D spectrum of V8 and its calibrator HD4810 showed very small FWHM variations. In particular, the 9.8 and 11.4µm gratings of V8 showed a FWHM of ∼ 0.
′′ 40 and ∼ 0.
′′ 45, respectively. To recover ∼ 96% of the flux in both setups, we employed an extraction aperture of ∼ 0.
′′ 75 and ∼ 0. ′′ 80 for the 9.8 and 11.4µm gratings, respectively. Lastly, we note that the two (9.8 and 11.4µm) reduced spectrum of V8 showed almost perfect flux matching in the overlap wavelength region.
The HST catalogue
As explained above, the astrometric/photometric ACS@HST m F606W and m F814W catalogue of 47Tuc (Anderson et al. 2009 ) was used as a reference catalogue for identifying the point sources in VISIR's images. We refer the reader to Anderson et al.'s paper for details concerning the data reduction and calibrations. We complemented the Anderson et al. catalogue with independent measurements in m F336W , m F435W , m F606W and m F814W . This extends our final (m F606W , m F814W and N 8.6µm ) catalogue with blue m F336W and m F435W measurements to avoid selection effects on high mass loss rate stars. The latter two photometric bands are based on reduction of ACS/Wide Field Channel (WFC) images from programme GO-10775, while m F435W is based on a single 10-second image from GO-9281. In both cases the photometric reduction and calibration of the ACS/WFC data was carried out using the software presented and described in detail in Anderson et al. (2008) . The m F336W measurements were based on a 30-second exposure from GO-11729 obtained with the HST Wide Field Camera 3 (WFC3). This image was pre-reduced using the standard HST pipeline, while the fluxes were measured using a software based on the img2xym-WFI (Anderson et al. 2006 ) that will be presented in a separate paper (Anderson et al. in prep.) .
The near-infrared catalogue
To sample the core of 47Tuc in the NIR, we searched for available catalogues and archival ESO data. Unfortunately, given the extremely crowded conditions of the 47Tuc core, observers tend to avoid this region. We used the excellent NIR JHK s catalogue of 47Tuc of Salaris et al. (2007) . This was based on highresolution ESO/NTT SOFI infrared images (pixel size of 0.
′′ 29) obtained under excellent seeing conditions ≤ 0.
′′ 9. However, the catalogue of Salaris et al. does not fully encompass the cluster core, but only the northern half. Moreover, the excellent seeing conditions resulted in saturation of the 47Tuc upper RGB.
An archival SOFI@NTT [69.D-0604(A)] JHK s data set of 47Tuc was also analysed. The data set was reduced following the standard methods presented in Momany et al. (2003) . Unfortunately, this data set covered mainly the southern part around the cluster core, with a limited 30.
′′ 0 overlap region with the Salaris et al. catalogue. The seeing on the averaged J-and K sband was 1.
′′ 4 and 1. ′′ 3, respectively, significantly worse than the data set of Salaris et al. (2007) . The resulting NIR diagrams still showed saturation in the upper RGB and higher dispersion along the RGB. We therefore mainly used the Salaris et al. (2007) catalogue.
Calibration of the VISIR data
With the mosaicing strategy described above, the merged photometric catalogue of the 11 pointings was put on the photometric scale of pointing#7. The zero-point offsets were estimated from the stars in the overlapping regions. In this manner, the airmass and detector integration time (DIT) of pointing #7 could be used to calibrate the entire merged catalogue. We use the standard star HD4815-K5III, observed just before the first OB of pointing #7, to flux-calibrate our data. The airmass of the HD4815 was 1.569, while that of pointing #7 was 1.476. Although the calibration process is straightforward, ground-based MIR calibration can be tricky; we therefore provide a detailed presentation. First of all, we relied on the VISIR pipeline to deliver reduced images normalized to 1-second exposures. The instrumental magnitude of the standard star, which was observed in perpendicular CHOPPING/NODDING mode, was measured by the DAOPHOT/PHOT task. Four measurements were obtained, i.e. two measurements from each of the positive and negative beams. The averaged four measurements provided a standard deviation of less than ∼ 2%. Before converting this average magnitude into a flux value, there remained two corrections to be applied: the aperture correction and the extinction.
Aperture correction
The first correction applied to the instrumental magnitudes is to correct for the loss of flux outside the adopted aperture radius: the so-called aperture-correction. This is usually made by estimating the magnitude difference between the employed aperture radius (2.5-pixels, 0.
′′ 32) and those obtained at larger radii (out to 16-pixels, 2.
′′ 03). The aperture correction is measured at radii corresponding to a near constant magnitude difference, i.e. a plateau. In our case, the standard star aperture correction was quite significant: around 0.37 magnitude.
Extinction coefficient
The second correction is that related to the airmass of the 47Tuc VISIR observations. Given the cluster declination (and implied ′′ 127 PAH1 filter at VISIR. Multiple observations of the standard star HD4815 are highlighted with red symbols.
high airmass of ≥ 1.4), the extinction could not be ignored. Moreover, the extinction coefficient of the PAH1 filter (λ c = 8.59µm) has not been measured before.
For this purpose, we made use of an ESO-archival page 1 to collect PAH1 standard star measurements for the past six years. Availing ourselves of the measured instrumental flux, and knowing the standard's true flux (in Jansky, hereafter Jy), we show the results in Fig. 2 . Only PAH1 with the 0.
′′ 127-setup measurements are reported, and a 2.5σ clipping has been applied to the datapoints for bins of airmass of 0.1. A least-square fit to σ-clipped data-points provided an extinction coefficient of 0.212 mag. This may seem relatively high (compared for example to the 0.05 mag. for K s -band), however, although there is a scarcity of published ground-based MIR extinction values, 0.212 was found to perfectly agree with technical tests 2 made in a similar manner on TIMMI2 (previously mounted on the ESO/La Silla 3.6m telescope).
In the specific case of HD4815, the instrumental magnitude (m inst. ) corrected for airmass and aperture correction (apert. corr) corresponds to:
Hence, the two corrections account for up to ∼ 0.7 mag., making our photometric scale brighter.
Absolute fluxes and magnitudes
After correcting the standard star instrumental magnitude, we converted this into a flux value. This instrumental flux was divided by the standard star's known flux (in Jansky units) to provide the conversion factor (ADU/Jy).
To derive the absolute calibration of the 47Tuc PAH1 photometric catalogue, we first applied the aperture and extinction corrections (as performed for the standard star). Next, these corrected instrumental magnitudes were converted into fluxes and each star was divided by the conversion factor, obtained from the standard star. This basically converted our instrumental magnitudes into absolute flux values in Jy. The absolute flux (F ν , in units of Jansky) could then be converted into magnitudes on the (i) AB (Oke & Gunn 1983 ) photometric system: and (ii) the Merlin-N1 photometric system:
The zero-point magnitude for the Merlin-N1 photometric scale (49.4 3 Jy) refers to an effective wavelength of 8.81µm. This is slightly redder than the employed PAH1 filter (λ c = 8.59, ∆ λ = 0.42µm). However, we note that there are no other ∼ 8µm filters in the UKIRT or in the Johnson systems (the closest being ∼ 10.1µm).
We caution that the AB and Merlin-N1 system differ systematically by a zero-point of 4.696 magnitude. For the remainder of this paper we will use the Merlin-N1 magnitude scale, and for brevity, refer to it as N 8.6µm .
Photometric errors
Ideally, photometric errors should be estimated from artificial star experiments by comparing the input/output magnitudes (e.g. Momany et al. 2008) . However, for the majority of the 11 pointings, there were not enough detected stars to allow the construction of reliable point spread functions (PSF) necessary for the simulation/injection of artificial stars. On the other hand, each pointing had a total of three OBs 4 and the standard deviation of these three measurements were used to trace the photometric errors in a given pointing. Figure 3 displays the distribution of the standard deviation as a function of the N 8.6µm magnitude for stars with three measurements. The distribution shows the expected increase of the rms as a function of magnitude. In particular, no significant rms variations were found among different pointings. The average photometric errors are listed in Table 2 .
In addition to the photometric internal errors quantified in Fig.3 , we lso have to consider the one caused by shifting of the photometric scales of the 10 pointings with respect to that of pointing#7. We quantified this additional error by first collecting the residuals around the average shift (as derived from the stars in the overlapping region of two adjacent fields), and subsequently estimating the rms of all the residuals. This turned out to be of the order of ∼ 0.015 magnitude.
Lastly, we estimated the systematic uncertainty in calibrating the N 8.6µm data. The sources of uncertainty are those associated with the aperture-correction method and that from the derivation of the extinction coefficient in N 8.6µm . The aperture-correction uncertainty is of the order of 0.031 mag., estimated from the consistency of the value derived for the three single images of pointing#7. The uncertainty associated with the extinction coefficient derivation is of the order of 0.033 mag., estimated as the error on the slope of a least-square fit (as in Fig. 2) . Overall, the total zero-point uncertainty, obtained from the quadratic sum of the above two factors is ∼ 0.045 magnitude.
In Table 3 we report the VISIR N 8.6µm catalogue of the 47Tuc central 1.
′ 15 region, along with the m F606W and m F814W magnitudes (from Anderson et al. 2009 ), the m F336W and m F435W magnitudes (reduced in this paper), the J-and K-magnitudes (from Salaris et al. 2007 ), the flux value in Jansky and the known long-period variables (LPV) identification.
HST/VLT colour-magnitude diagrams
The combined ACS@HST and VISIR@VLT N 8.6µm ,(m F606W − N 8.6µm ) colour-magnitude diagram of 47Tuc core is presented in Fig. 4 . The plotted error bars in both magnitude and colour are mainly driven by the photometric uncertainty in N 8.6µm , while those in the HST m F606W filter are lower than 0.002 magnitude. The brightest star at N 8.6µm = 5.595 is a known variable star (V8, see Sect.6) with a total flux of 0.286 Jy, while the faintest reliable measurements reached (see Fig. 5 ) are for stars at N 8.6µm ≃ 10.0 (∼ 0.005 Jy).
The CMD shows that we sampled the upper ∼ 4 magnitudes in N 8.6µm (∼ 3 magnitudes in m F814W filter) of the red giant branch of 47Tuc. The horizontal branch level is expected at N 8.6µm ≃ 12.1, that is ∼ 1.7 magnitude fainter than our photometric incompleteness level at around N 8.6µm ∼ 10.4. Clearly, the VISIR ground-based observations did not compete with the deeper Spitzer CMDs.
The smoothly curved morphology of the upper RGB in the N 8.6µm ,(m F606W − N 8.6µm ) plane resembles that of optical m F814W ,(m F606W − m F814W ) diagrams published in Anderson et al. (2009) . The N 8.6µm ,(m F606W − N 8.6µm ) CMD is not ideal to check for MIR-excess giants (see Fig.8 ). Still, we note that there are no clear "outliers" (RGB or AGB) from the cluster mean RGB locus. Indeed, increasing photometric errors around fainter N 8.6µm magnitudes can confuse any RGB/AGB separation. To investigate this problem, we identified all AGB candidates using the optical m F814W ,(m F606W − m F814W ) HST diagram and examined their position on the optical/MIR diagram (see Fig. 5 ). Thanks to the HST photometric accuracy, AGB stars had a good (m F606W − m F814W ) colour-separation from equally bright red giants and the group of stars belonging to the so-called early-AGB (at m F814W ∼ 11.9) could be easily separated from RGB stars. Figure 5 shows that the selected AGB group, at most, overlap the RGB mean locus. In particular, for stars fainter than N 8.6µm ≃ 10.3 − 10.4, the photometric uncertainties and incompleteness appear strong enough to cause a sudden break in the slope of the RGB. This is clearly not a real feature, hence stars fainter than N 8.6µm ≃ 10.4 should not be considered. (5) is used to estimate the mean colour dispersion. For clarity, these are shifted to a mean colour of 3.0.
The intrinsic width of the RGB
Related to the MIR-excess issue is the RGB intrinsic width, which apparently remains small all over the sampled ∼ 3 N 8.6µm magnitudes. A quantitative estimate of the RGB width is obtained by straightening the RGB (with respect to a fiducial line or an isochrone), and, say, excluding any 2.5σ outliers (within a specified magnitude bin size). This is presented in Fig. 6 . Excluding the upper two bins (relative to the AGB stars brighter than RGB tip) one appreciates how the thickness of the RGB is relatively uniform over ∼ 3 magnitudes along the RGB. The average RGB width turns out to be 0.095 ± 0.038, and no MIRexcess stars are detected. One has to apply a very strong 1.0σ clipping to identify outliers, and when this is applied, we note that the outliers are found mostly on the blue side of the RGB, therefore they are AGB candidates.
Isochrone fitting
The isochrone fitting is usually employed to derive/confirm the studied cluster distance, reddening and age. Our shallow data do not allow this level of analysis. Nevertheless, it provides an excellent test for ground-based calibration and, as we shall see, sheds lights on an interesting aspect of the RGB morphology. For the cluster distance and reddening we adopted the values derived in Carretta et al. (2000) , namely (m − M) V = 13.55 and E B−V = 0.055. We adopted A V = 3.1 × E B−V , A F606W = 2.809 × E B−V , and a null A N 8.6µm . In Fig. 7 we display the optical-MIR diagram with a theoretical isochrone from the Padova library (Marigo et al. 2008) 5 . The isochrone was "coloured" with the N 8.6µm Vega magnitude using the VISIR 5 The isochrones are available at http://stev.oapd.inaf.it/cmd (2000) and Alves-Brito et al. (2005) . Overall, the isochrone excellently agree with the RGB morphology.
For giants brighter than N 8.6µm ≃ 8.0 the observed RGB morphology seemingly deviate to redder colours than the isochrone loci. Interestingly, this magnitude level corresponds to luminosities of the order of ∼ 1000L ⊙ , suggested by McDonald et al. (2011a) to indicate the beginning of dusty mass loss for giants. This perfectly agrees with the AKARI study by Ita et al. (2007) , who concluded that dust emission is mainly detected in AGB variables, although there are some variable stars with dust emission located below the RGB tip. Although this is very interesting, we note that we cannot firmly establish a connection between this small colour deviation and the onset of the dusty mass loss for giants below the RGB tip. Indeed, the stellar models of this cool T eff can be significantly affected by small errors in opacities and in the mixing length treatment. Moreover, one should keep in mind that the Kurucz spectra that were used to estimate the colour transformations may have additional sources of errors at this cool T eff . Consequently, the above factors caution against emphasizing this systematic deviation between the data and the isochrone.
In conclusion, the isochrone fitting to both the observed RGB colour and RGB-tip magnitude-level indicates an excellent theoretical handle of the unusual VISIR photometric system and well-calibrated data.
The
In the previous section we used our optical-MIR diagram to highlight the lack of RGB MIR-excess stars. However, it is quite Groenewegen (2006) , and the silicates (long-dashed) from Bressan et al. (1998) . difficult to draw any firm conclusion based solely on the basis of this diagram. Indeed, any MIR-excess emission would instead scatter the stars to brighter magnitudes and redder colours in a direction roughly parallel to the RGB morphology. This is quantitatively demonstrated in Fig. 8 , where we plot the shift produced on the colour-magnitude diagram position of an upper RGB star as a function of the optical depth of the circumstellar dust shell for several O-rich dust mixtures that are included in the Marigo et al. (2008) isochrones. Figure 8 shows that the MIR excess can be best identified using the K s ,(K s − N 8.6µm ) plane (as in the original Origlia et al. 2007 paper) instead of the N 8.6µm ,(m F606W − N 8.6µm ) plane used in the previous section.
To this end, we combined the optical/MIR catalogue of 47Tuc with available NIR data and present the NIR/MIR diagrams in Fig. 9 . The left panel displays the original K s ,(J − K s ) SOFI@NTT based diagram by Salaris et al. (2007) . We remind the reader that this catalogue does not sample the upper RGB of 47Tuc, because the excellent seeing conditions basically saturated the near RGB tip region. The right panel of Fig. 9 displays the SOFI@NTT and VISIR@UT3 matched K s , (K s − N 8.6µm ) diagram. This diagram shows that the RGB loci are perfectly In conclusion, our NIR-MIR diagram shows that red giants at ∼ 2 magnitudes from the RGB tip and in an interval extending for ∼ 2 more magnitudes do not show any particular signature of mass loss occurrence among the 47Tuc red giants. We note that McDonald et al. (2011a) have performed a similar analysis (i.e. combining their re-reduced Spitzer data-sets with the Origlia et al. 2007 dusty sample) and found that almost half of the Origlia et al. MIR-excesses stars did not have counterparts in their re-reduction. In this regard, our higher-resolution ground-based NIR/MIR diagrams leave basically no space for the presence of a significant MIR-excess RGB population. This ultimately points towards the actual photometric reduction and intrinsic spatial resolution of the data as the primary cause of the detection of MIR-excess in 47Tuc.
Long-period variables
Stellar pulsation is vital in the production of dust and mass loss (Ramdani & Jorissen 2001) . Indeed, the luminosity range of mass-losing red giants is connected to the variable nature of these stars, and as already argued in McDonald et al.
(2011a, and references therein), dust-producing stars tend to be exclusively variable, while variable stars tend to produce dust. We have identified the list of long-period variables presented and examined in the Lebzelter & Wood (2005 and . As displayed in Fig. 10 , the majority of the LPVs found in our VISIR mosaic has certain identification (stars in open circles). In the particular case of LW13, we note that the low accuracy of the LPV coordinates in contrast to the high resolution provided by VISIR do not allow a definitive identification because it falls between two candidates stars. There is a very bright candidate (N 8.6µm = 6.333) at ∼ 1.
′′ 0 located west, and a N 8.6µm = 7.233 located at 1. ′′ 4 east. For LW16 we have the opposite situation: the LPV is only 0.
′′ 7 away from a N 8.6µm = 8.224 candidate and 2.
′′ 8 from a brighter N 8.6µm = 7.501 candidate. Figure 10 , clearly shows that all stars above the RGB tip (N 8.6µm ≃ 7.0) are AGB LPV. Moreover, and keeping in mind the particular case of LW16, one can infer that the occurrence of LPVs (in the current VISIR coverage) are present down to ∼ 1 N 8.6µm magnitude below the RGB tip.
Following the referee's suggestion, we also examined the mean optical V-magnitudes of the brightest and most variable AGB stars. Indeed, these can show quite significant V-variations (e.g. V8 varies up to ∼ 1.7 mag.) depending on the epoch of observation, which affects the star's proper location in the colourmagnitude diagram. On the other hand, one can assume that the amplitude of the N 8.6µm variations would be failry small. For example, V8, the brightest of our AGB variables, is believed to have too small K s -variations for the phase of observation to be considered significant.
The majority of monitoring studies that address these bright AGB stars in 47Tuc are ground-based (e.g. Weldrake et al. 2004) . We therefore converted the HST/ACS m F606W magnitudes into Johnson-V, following the procedure outlined in Saviane et al. (2008) . It employs the stars dereddened m F606W magnitudes and m F606W − m F814W colours and the transformation coefficients listed in Table 14 of Sirianni et al. (2005) . The resulting V • and I • magnitudes were compared to the 47Tuc ground-based catalogue presented in Alves-Brito et al. (2005) , which excellently agreed. The mean V-luminosities were then derived using the Lebzelter & Wood (2005) and light curves, which we compared with the HST's (JD=2453807.6 epoch) newly converted V-magnitudes.
With the exception of V20 (at V • = 12.623 is observed at its minimum phase) the remaining LPVs tend (in different measures) towards having redder (V • − N 8.6µm ) colours, which additinally support their MIR-excess. In Section 4.2 we cautioned Fig. 11 . Left-hand panel: SED of V8: black filled circles correspond to the observed photometry at m F435W , m F606W , m F814W (from the HST) J, H, K s (from 2MASS), N 8.6µm (from VISIR), plus 9 and 18µm from AKARI. The dotted dashed black line is the best-fitting black-body with a temperature of of 2900K. The VISIR N 8.6µm filter transmission curve is shown in red, while that of AKARI 9µm is shown in shaded blue. The middle panel displays a comparison of the VISIR (solid black line) and IRS (dashed blue line) spectra. The shaded areas highlight the flux calibration uncertainties estimated for the two spectra. The right-hand panel shows the MIR excess for V8 (continuum subtracted spectrum) where the features at 9.7 and 11.5µm are highlighted with vertical dotted lines.
against emphasizing the small colour deviation between the stars and the isochrone, in correspondence of the ∼ 1000L ⊙ luminosity level. We note, however, that correcting for the optical V mean magnitudes would increase this off-isochrone colour deviation (starting at N 8.6µm ∼ 8.0) even more. Overall, Figure 10 shows that dusty mass loss: (i) is triggered at the ∼ 1000L ⊙ luminosity level; (ii) is strongly associated with the RGB/AGB pulsation properties; (iii) is relatively weak along the RGB; and lastly (iv) is not an episodic process.
In Fig. 11 we focus our attention on the brightest of these LPVs in our sample (V8) and complement the derived N 8.6µm flux with a VISIR 8 − 13µm low-resolution (R ∼ 350) spectrum (see van Loon et al. 2006 for similar studies). According to the study of , V8 is a ∼ 100-day period fundamental-mode radial pulsator. The middle panel of Fig. 11 displays the VISIR V8 spectrum (black solid line) compared to the lower-resolution (R∼ 100) SPITZER/IRS spectrum (light blue line) presented in . The shaded areas highlight the flux calibration uncertainties estimated for both spectra. In particular, for the IRS spectrum we made use of the pipeline reduction, which has an uncertainty of ∼ 10%, in comparison to ∼ 5% uncertainty for the more detailed reduction presented in . Interestingly, the main dust features in the VISIR and IRS spectra are very similar. There is a visible flux level difference between the VISIR and IRS spectra, but we note that this is within the estimated errors, as shown by the shaded areas.
For a better characterization of its MIR excess, we compiled a fairly complete SED of V8 using photometric data from HST, 2MASS, VISIR, and AKARI 6 , covering the range from near-UV to the MIR. The best-fit temperature (dotted-dashed line in the left panel of Fig. 11 ) is found to be 2900K, and this temperature was subsequently used to model the continuum. At longer wavelength, we note that the VISIR N 8.6µm data point shows a better match with respect to the AKARI 9µm data point. The difference is probably caused by the slightly "bluer" and narrower VISIR PAH1 filter, which make it less sensitive to dust emission, while the AKARI data are more sensitive to the silicate feature.
To better characterize the silicate feature, we employed the previously fitted black-body as continuum and subtracted it from the dusty VISIR spectrum of V8. We note that because we are in the Rayleigh-Jeans domain, the difference between subtracting a black-body of this temperature and one within ±1000K should be negligible. The right panel finally displays the VISIR V8 continuum-subtracted spectrum. The dominant dust features are expected at around 9.7, 11.5 and 13µm. The VISIR V8 spectrum is limited to 12.5µm; however, the 13µm feature was detected in the studies of and McDonald et al. (2011b) . As discussed in , the dust (9.7, 11.5 and 13µm) features show different strength in correlation with the star's position along the AGB. At the highest luminosities, as is the case for V8, the 9.7µm feature is expected to dominate those at the remaining two wavelengths. This is clearly visible in the right panel of Fig. 11 . In particular, the ∼ 10µm feature of V8 consists of a broad feature with an emerging 9.7µm silicate bump. The feature at 11.5µm is, as expected, weaker than that at 9.7µm. Although there is no general consensus (see , it is believed that the feature at 11.5µm is caused by amorphous aluminum oxide Al 2 O 3 (McDonald et al. 2011b) .
The strong 9.7µm silicate bump observed in the VISIR spectrum was not detected in the only other ground-based MIR spectrum of V8 presented by van Loon et al. (2006) . The absence of this feature has led to suggest possible phase-dependent background impacting the van Loon et al. (2006) TIMMI2 spectrum. However, the detection of the feature in our ground-based VISIR spectrum clearly point towards a higher-sensitivity provided by the VISIR/VLT (8-m class telescope) combination with respect to that of TIMMI2 and ESO/3.6-m telescope.
The V8 9.7µm silicate feature places V8 as a broad+sil AGB in the dust classification scheme of Speck et al. (2000) . Interestingly, however, and as evident from the spectrum pre-sented in and McDonald et al. (2011b) , V8 displays the dust features at all three wavelengths. This adds some confusion to its classification. Indeed, the 13µm feature (very similar to that of SAO 37673) is commonly found in nonMira semi-regular variables according to Speck et al. (2000) . On the other hand, following Sloan et al. (2010) , the same 13µm feature is detected in Miras. This agrees with the results presented in Lebzelter & Wood (2005) , showing that the V8 velocity curve resembles those of typical Miras found in the solar neighbourhood. Yet again, the V-band amplitude of V8 of ∼ 1.7 mag. (Arp et al. 1963 ) is smaller than the nominal 2.5 mag. value used in the classical definition of Miras. In conclusion, a proper classification of V8 is intrinsically difficult. Future monitoring of the V8 (and other dusty AGB stars) silicate feature is required to better characterize the relation between dust production and pulsation modes.
Conclusions
The Spitzer-based Origlia et al. (2007) study of 47Tuc has triggered a wave of interest concerning the process of mass loss in red giants. Their results showed that a significant fraction of the 47Tuc RGB population has MIR-excess. In particular, this MIR-excess was affecting red giants already at the horizontal branch level. This initiated a very interesting debate on whether the Spitzer results were induced by its low spatial resolution and the extreme crowding of the cluster core.
The VISIR high-resolution capabilities have allowed us to address this debate with an independent data set that provided the cleanest possible catalogue to test the Spitzer-based results. We have complemented our VISIR 8.6µm data with near-UV, optical and NIR photometry to construct colour-magnitude diagrams best-suited to detect the MIR excess along the RGB. From the analysis of these diagrams and sampling down to about ∼ 3 magnitudes below the RGB tip, we found no evidence for the presence of dusty circumstellar envelopes around 47Tuc RGB stars. In particular, down to this magnitude level, all stars (but one) are consistent with no MIR-excess. Fainter than N 8.6µm ≃ 10 (i.e. ≥ 4.0 mag. below the RGB tip) photometric uncertainties do not allow any firm conclusion, but the data are still consistent with the null-hypothesis. In conclusion, we do not confirm the results of Origlia et al. (2007) . Instead, we show that RGB stars are not affected by dusty mass loss except those within ∼ 1 magnitude range from the RGB tip.
There is an observed break at N 8.6µm ≃ 8.0 that signals the onset of a colour deviation between the stars and the theoretical isochrone. Uncertainties in the colour transformations and opacity and mixing length treatment all caution against emphasizing this colour deviation between the data and the isochrone. Nevertheless, it is interesting to note that this luminosity level corresponds to ∼ 1000L ⊙ , which was suggested by independent determinations (McDonald et al. 2011b ) to sign the onset of the dusty mass loss.
Finally, the VISIR high-resolution capabilities that were demonstrated in this paper will allow us to plan other studies of the brightest giants in Galactic globular clusters, spanning a wide range in metallicity. This and related projects will surely benefit from the forthcoming ESO/VISIR detector upgrade, which is planned for October 2012. Anderson et al. 2009 ), the m F336W and m F435W magnitudes (reduced in this paper), the J-and K-magnitudes (from Salaris et al. 2007 ), the flux value in Jansky and known LPV identification. 
